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Interpretative criteria of diagnostic tests for detection of coronary artery disease are customarily defined by reference to a population undergoing coronary angiography. Maddahi et al.' used a new method for defining a normal population to establish the specificity of quantitative thallium perfusion scintigraphy. In this study, normal is defined not by angiography, but by a probability of disease under 1%, derived from Bayesian analysis2' 3 of multiple important clinical descriptors including age, sex, symptoms, risk factors and various noninvasive diagnostic test procedures.4 At first glance, this approach has definite appeal.
First, since coronary angiography is no longer required, it allows for more rapid acquisition of a "normal" population, at a time when fewer normal patients are being referred for catheterization because of the improved accuracy of noninvasive diagnosis. Second, it avoids the obvious selection bias which is associated with the clinical decision to refer for angiography, and the ethical considerations of recruiting "normal" volunteers. The authors justify the use of a probabilistic definition of normality by citing work that confirms that probability of disease correlates linearly with angiographic prevalence.3 By implication, then, a population with less than 1% probability of coronary artery disease can be assumed to be at least 99% angiographically "pure." There is, however, a pernicious flaw in this logic, which leads us to question the suitability of the approach for defining the normal range of any diagnostic test criterion.
Let us assume that disease probability correlates perfectly with angiographic prevalence -an unrealistic, but desirable, feature. Such an ideal correlation has two requirements. First, the frequency distribution of probability in the population of patients with angiographic disease, must increase linearly, according to the equation: f(p) = 2p, where p is probability ranging from 0 to I and f(p) is the frequency of that probability. Second, the frequency distribution of probability in the population of patients who are angiographically normal must decrease linearly, according to the equation: f(p) = 2(1 -p). These distributions, therefore, are mirror images of each other and triangular in shape. The mean and standard deviation of such triangular distributions are readily determined. The mean probability of disease in the normal persons, then, is exactly 1/3 (-33%); and the mean probability in those with disease is exactly 2/3 (-67%). The standard deviation in each case is exactly VX2/27 (-27%). These predictions are remarkably close to empiric observations. In our laboratory, for example, disease probability after noninvasive testing has averaged 30 ± 32% in angiographically normal patients (500 determinations), and 70 + 32% in those with angiographic disease (1680 determinations).
These triangular distributions, then, allow one to estimate the proportion of patients who should fall within any given probability interval. For instance, the proportion of angiographic normals within the interval between p = 0% and p = 1% (the definition of "normal" used by Maddahi) is given by 0o J 2(1 -p) dp = 0.02-0.012 = 0.0199 0 The proportion of angiographically diseased patients in this same interval is given by:
.01 2p dp = 0.012 = 0.0001 0 If we consider the Maddahi criterion of p < 1% to be a "test" for normality, then, we see that its specificity is 1-0.0001 or 99.99%, while its sensitivity is only 1.99%. The "p < 1%" criterion, therefore, defines a population of less than 2% of all angiographically normal subjects -those who are, in fact, the most normal of the normals. The effect of using these "supernormals" to establish "normal" range of a test criterion is to seriously overstate the diagnostic specificity of that criterion. In apparent confirmation of this hypothesis, the authors observed a specificity of 100% for quantitative scintigraphy in patients with less than 1% probability of disease -no false positives. When this test is later used in the much more heterogenous population of patients usually referred to the noninvasive laboratory, however, we should expect to uncover many false positives because of a bias toward referral for catheterization on the ill-founded assumption that the "abnormal" finding is highly specific for disease. We thereby assure the subsequent poor performance of a potentially valuable test by having "oversold" it at the outset. 5 We are sympathetic to the author's goal of making the interpretation of perfusion scintigraphy more accurate and objective. In so doing, however, one must not lose sight of the fundamentally imperfect nature of the diagnostic testing process or of the laws of probability which govern that process. A probability statement is not -and should not be considered -a categorical criterion of normality or disease.
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Sinus Node in SIDS To the Editor:
I read with interest the report of Kozakewich et al. dealing with histopathology of the sinus node and sinus node artery in sudden infant death syndrome. The authors speculate that alterations in sinus node artery integrity might have pathophysiologic implications with respect to arrhythmogenesis. As the authors point out, ligation of the sinus node artery is usually without adverse effect upon sinus node function, presumably as a consequence of rich collateral blood supply.2 However, flow reductions through the vessel have also been reported to result in the production of various types of rhythm disturbances.3 4 Moreover, we reported that in the dog, embolization of the sinus node artery preventing retrograde flow through the vessel results in extremely unstable atrial rhythms.5 These rhythms were characterized by chronic bradycardia, sinoatrial nodal exit block, wandering pacemakers, and junctional or idioventricular escape rhythms. In addition, these dogs demonstrated alterations in parasympathetic pacemaker control as evi-682 CIRCULATION denced by the profound bradycardia as well as abnormal responses to atropine and vagal stimulation.
Thus, although the substrate and direction of our own experiments was certainly removed from sudden infant death syndrome, the authors' assertion of adverse sinus node effects after restriction of sinus node artery flow is indeed supported by experimental evidence. In addition, these changes may be associated with an abnormality of the autonomic nervous system. JEROD M. LOEB, PH.D.
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